Axonal injury and its repair are common and basic neuropathological processes in the CNS, and are composed of a complex of events in a molecular term. In order to get a comprehensive understanding of these processes, we isolated several known and unknown genes which were upor downregulated in the facial nucleus after transection of the facial nerve by a subtractive/differential screening. Among them, we focus on one downregulated gene, named Neurodapl, because this gene encodes a novel protein carrying the RING-H:! sequence motif categorized in the zinc finger family. lmmunoelectron microscopic analysis revealed that the protein encoded by Neurodapl, Neurodapl, was distributed mainly on the cytoplasmic side of the membranes constituting endoplasmic reticulum and Golgi apparatus, supporting the notion of a previously postulated function of RING-H2 motif proteins, that is, involvement in the protein sorting machinery.
More interestingly, Neurodapl was also bound to the postsynaptic density (PSD) region of axosomatic synapses. This fact suggests that Neurodapl is associated with a specific system sorting proteins to PSD. Therefore, Neurodapl, a newly identified protein as an axotomy-suppressed gene product, might play a significant role in synaptic communication and plasticity through the control of the formation of PSD for maintaining vital functions of nerve cells. [Key words: Neurodapl, axotomy, facial nerve, subtractive/differential screening, the RING-H2 motif, postsynaptic density]
Axonal injury followed by retrograde degeneration of the affected nerve cells or by regeneration of axons is considered to be a common process occurring in the CNS and PNS. A comprehensive understanding of this process on a molecular basis would give us a deep insight into the repair process in the nervous system or the pathogenesis of degenerative diseases of the nerve cells. For an approach toward this end, axotomy of rat facial nerve provides us a conventional experimental model, where the events occurring in and around the affected nerve cell bodies subsequent to the axotomy can be investigated in a way separated from those directly evoked by the surgical procedure itself, because transection-site of the axons is far from the cell body of the affected nerve cells.
Apart from central chromatolysis in the affected nerve cells, a series of glial reactions has been reported to take place at the corresponding nucleus following axotomy of the facial nerve. First, the astrocytes show increased levels of glial fibrillary acidic protein (Kitamura and Fujita, 1985; Graeber and Kreutzberg, 1986) . Second, microglia become activated and proliferate, while astrocytes do not undergo mitosis (Kitamura and Fujita, 1985; . Third, perineuronal microglia appear to intrude their processes into the synaptic clefts and to push aside the synaptic terminals from the surface of neuronal cell body and main dendrites (Blinzinger and Kreutzberg, 1968) .
In spite of these phenomenological observations, little is known about the molecular biological events that occur in the area around the nerve cell bodies in response to axotomy. A very small number of genes, including those of GAP-43, a-tubulin, neurofilaments, GFAP NGF receptor, and amyloid l3 protein precursor (PAPP), are already reported to change its expression levels after axotomy (Basi et al., 1987; Miller et al., 1989; Kitamura and Watanabe, 1990; Kitamura, 199 1; Kitamura et al., 1991; Saika et al., 1991; Tetzlaff et al., 1991; Chiu et al., 1993; Sola et al., 1993) . However, these identified genes must constitute only a part of the genes modulated by axotomy, because they are inductively assigned simply from their known biological functions. Since there must be many unknown genes expressed in the facial nucleus, it is very likely that some of these unknown genes play an important role in the events following axotomy.
For identification of genes affected by axotomy, we adopted a cloning strategy termed subtractive/differential screening in this study, which allowed us to detect genes affected by axotomy of the facial nerve without any a priori knowledge on their gene functions. We could successfully isolate some axotomy-associated genes by this cloning strategy. Here, we focus on one of these isolated genes, which was down-regulated by axotomy. This gene encodes a novel protein, named Neurodapl, carrying a characteristic sequence motif, the RING-H2 motif, which is categorized in the zinc finger family. We discuss the possible function of Neurodapl on the basis of its characteristic intracellular localization.
Materials and Methods
Animals and surgical procedures.
Adult male Sprague-Dawley rats (6-8 week old) were used. The animals were anesthetized with sodium Figure I . Bright-field photomicrographs showing the localization of Neurodapl mRNA in the facial nucleus of the unoperated side (A) and of the operated side (B) 7 d after axotomy. Cells expressing the Neurodapl signal are large in size and are considered to be motoneurons. Scale bar, 50 pm.
pentobarbital, and the left facial nerve was transected at the level of stylomastoid foramen. The animals were sacrificed under pentobarbital or ether anesthesia 1, 3, 7, 9, and 14 d after axotomy, and their brain tissue was processed for molecular analysis or morphological studies. RNA preparation. Forty rats received axotomy of the left facial nerve and were sacrificed by decapitation under ether anesthesia 24 hr thereafter. Brainstem was gently cut with a razor blade so that the bilateral facial nuclei could be contained within a 1.5 mm thick single slice, and then, each facial nucleus was punched out with a 15 gauge stainless steel bore tubing (Yu, 1989) . Excised brain tissue containing the left or right facial nucleus was processed for RNA extraction according to the Chomczynski and Sacchi method (Chomczynski and Sacchi, 1987) .
Construction of cDNA library. Directional cDNA libraries were constructed from 30-60 pg of total RNA obtained from the left or right facial nuclei. For this purpose, we used a cDNA construction kit (GIB-CO-Bethesda Research Labs, Gaithersberg, MD) according to the supplier's instructions with following minor modifications: oligomer A [5'-GACTAGTCAAAGCGGCCGCGAGCTC (T),,-3'1 was used as an adapter primer for first-strand cDNA synthesis and oligomers B and C (5'~CGCGTCCGACCTCGGC-3' and 5'-GCCGAGCT CGGA-3', respectively) were used as adapters for cDNA insertion into a pBluescript SK-vector (Stratagene, La Jolla, CA).
Subtractive/differential hybridization. Subtractive hybridization was performed essentially as described in the previous papers (Rubenstein et al., 1990; Swaroop et al., 1991) , and briefly as follows. For getting genes upregulated by axotomy, the cDNA library of the left (operated) facial nuclei was used to generate single-stranded (ss) circular DNA with helper phage M13K07. The double-stranded (ds) plasmid DNA prepared from the cDNA library of the right (unoperated) facial nuclei was used to synthesize biotinylated run-off transcripts with biotinylated UTP (Enzo Biochem, NY). Typically, 0.4 pg of ss DNA from the operated library was annealed to 40 pg of biotinylated RNA from the unoperated cDNA library in 10 ~1 of hybridization buffer [0.5 M sodium phosphate (pH 7.2), 10 mM EDTA and 0.1% SDS] at 65°C for 16 hr. Then, the biotinylated RNA and the DNA hybridized to this biotinylated RNA was removed by adding streptavidin (GIBCO BRL), and extracted by phenol/chloroform (Rubenstein et al., 1990) . The ss DNA remaining after the streptavidin-phenol treatment was converted to ds DNA using Sequenase (United States Biochemical, Cleveland, OH) and primer D [5'-GCCGCGAGCTC(T)lO-3'1.
The obtained dsDNA was then transfected into Escherichia coli (E. coli) DHlOB cells (GIBCO BRL) by electrotransform method. An insert cDNA in each clone from the subtracted library was amplified by PCR with oligomers B and D. Each PCR product (about 0.2 mg) was spotted onto duplicate nylon filters with a 96 well dot blot apparatus. Differential screening of the subtracted library was performed with random-primed 3ZP-labeled cDNA probes from the operated or unoperated facial nuclei. For getting downregdlated genes, similar process was carried out, using the cDNA library of the right (unoperated) facial nuclei for synthesis of single-stranded (ss) circular DNA and that of the left (operated) facial nuclei for doublestranded (ds) plasmid DNA.
DNA sequencing. A full-length cDNA of Neurodupl (pfu11223) was isolated from the right (unoperated) facial nucleus cDNA library by colony hybridization. DNA sequencing by the dideoxy-chain termination method was performed using a Sequenase kit (United States Biochemical) under primer walking and nested deletion strategies as instructed by the manufacturer. The complete 4.8 kbp of Neurodapl cDNA was sequenced on both strands. Homology searches were performed against GenBank (release number 79)/EMBL (release number 35)/DDBJ (release number 15) nucleic acid data bases and NBRF/Swiss pROT/PIR protein data bases using homology comparison programs, FASTA and TFASTA, respectively (Pearson and Lipman, 1988) . A search for protein sequence motifs was carried out with the PROSITE program (Bairoch, 1991) .
In vitro transcription-translation assay. In vitro transcription-translation coupled assays were performed with a TNT T7-Reticulocyte lysate system (Promega, Madison, WI) as instructed by the manufacturer using 2 pg each of plasmids of interest.
In situ hybridization. The animals sacrificed 3, 7, and 14 d after axotomy were used for in situ hybridization. Frozen sections containing the bilateral facial nuclei were cut at 5 pm on a cryostat, and they were fixed with 4% paraformaldehyde in PBS. In situ hybridization was performed using isotope-or digoxigenin-labeled RNA probes, essentially as described in the previous paper (Nakayama et at., 1994) .
Isotope-labeled RNA probes were prepared using T3 or T7 RNA polymerase with c@*S-UTP (800 Ci/mmol, Amersham, Buckinghamshire, UK). The hybridization was carried out under the condition of 5 X 10' cpm/ml RNA probe at 55°C for 16 hr. After washing with 0.1 X SSC for 30 min at 60°C the sections were subjected to treatment with ribonuclease A (Sigma, St. Louis, MO, USA) (30 min at 37°C). The sections were then coated with nuclear emulsion (Kodak NTB2, Eastman Kodak), and were exposed in a dark box at 4°C for 7 d. After development, the sections were stained with hematoxylin-eosin, and then, observed under a dark-or bright-field light microscope (Zeiss Axiophoto, Karl Zeiss, Germany).
Digoxigenin-labeled RNA probes were prepared using DIG RNA Labeling Kit (Boehringer Mannheim GmbH, Mannheim, Germany). After hybridization, digoxigenin-labeled Neurodapl mRNA was detected with alkaline phosphatase-conjugated Fab fragments of sheep anti-digoxigenin antibody (Boehringer Mannheim GmbH) [ 1:500 dilution by 100 mM Tris-HCl (pH 7.5) + 150 mM NaCl] and BCIP/NBT Phosphatase Substrate System (GIBCO BRL), according to the procedure described by Springer et al. (1991) .
Production of antibody against glutathione S-transferuse (GST)-fused EDAT~AI~~LDNLQNN ( Neurodapl protein. A 1.2 kbp cDNA fragment was amplified by PCR with oligomers E and F (S'-GGAGATCTGGGAAACTCTGCCAG-GAAA-3' and 5'.GGGAATTCTGATCTCTTAGTGCAGC-3: respectively) using pfu11223 as a template. The PCR product was digested with both BglII (TAKARA, Kyoto Japan) and EcoRI (TAKARA), and ligated into BamHI-EcoRI site of the pGEX-3X vector (Pharmacia, Uppsala, Sweden). The plasmid thus obtained directed the synthesis of a GST-fused protein carrying a carboxy-terminal portion of Neurodapl (corresponding to amino acid residues 456-707 in Fig. 4A ). This GSTNeurodapl fusion protein was produced in E. coli with IPTG induction and affinity-purified with glutathione-sepharose 4B beads as instructed by the supplier of the vector.
Antibodies against the GST-Neurodapl fusion protein were raised in New Zealand White rabbits and purified on a GST-Neurodapl protein affinity column by conventional procedures.
Zmmunoblotting analysis. Cell extracts for immunoblots were prepared using a glass homogenizer, and proteins thus obtained were analyzed by SDS-polyacrylamide gel electrophoresis. Immunoblotting analyses were conducted with anti-rabbit IgG tagged with alkaline phosphatase (Promega) as previously described (Towbin et al., 1979) .
Zmmunohistochemistry. The animals were perfused transcardially with 4% paraformaldehyde in PBS (pH 7.4) under pentobarbital anesthesia, and their brains were further immersed in the same fixative for 4 hr. Four-micrometer-thick cryostat sections of the fixed brain were stained with the purified antibody (I:3500 dilution) by ABC method (Hsu et al., 1981) essentially as described previously (Miyake and Kitamura, 1992) .
For electron microscopic immunohistochemistry, 60-pm-thick slices of the fixed brain were cut with Microslicer (Dosaka EM, Kyoto, Japan), and the slices were stained with the antibody (1:3500 dilution) and were flat-embedded in epoxy resin, as described previously (Miyake and Kitamura, 1992) . One-micrometer-thick semithin sections and ultrathin sections of the resin-embedded tissue were observed under a light microscope (Nikon Optiphoto, Nikon, Tokyo, Japan) and an electron microscope (JEOL 100 CX II, JEOL, Tokyo, Japan), respectively.
Miscellaneous. Oligonucleotides were synthesized with a Pharmacia Gene Assembler Plus DNA synthesizer. PCR was routinely carried out with AmpliTaq DNA polymerase (Perkin-Elmer-Cetus, Norwalk, CT) and a DNA thermal cvcler (Perkin-Elmer-Cetus) using the followine thermal cycling conditibns: denaturation at 94"C'for 36 set, annealing at 55°C for 1 min, extension at 72°C for 30 set, last extension at 72°C for 5 min; 30-50 cycles. Rat multiple tissue Northern blot was purchased from Clontech Laboratories (Palo Alto, CA) and used according to the supplier's instruction.
Results

Subtractive/differential
screening of the cDNA library Subtractive/differential screening was performed to identify genes that were transcriptionally regulated 1 d after facial nerve axotomy. Because it is difficult to obtain a large amount of RNA from the facial nuclei (about 1.5 mg/facial nucleus), the subtractive/differential screening was performed by using the directional cDNA libraries once constructed from the operated or unoperated facial nucleus as sources of ss cDNAs and driver biotinylated RNAs.
cDNA clones up-or downregulated by the axotomy were enriched by subtractive hybridization and the clones in the up-or downregulated cDNA-enriched library were subjected to cDNA insert amplification by PCR. The differential screening of these amplified DNAs was performed by dot hybridization using jzPlabeled cDNA probe which was generated from mRNA of the operated or unoperated facial nucleus. By using these procedures, we isolated several candidate cDNAs which were transcriptionally induced or repressed in the facial nucleus following axotomy. For excluding incorrectly selected clones as artifacts, modulation of the expression levels of these candidate genes was further examined by in situ hybridization, although some genes could not be verified as an axotomy-associated gene by this method probably because of low sensitivity of in situ hybridization. Clones successfully confirmed as those carrying axotomyassociated cDNAs were partially sequenced, and the sequences were routinely subjected to homology search against the GenBa&EMBL/DDBJ DNA sequence databases. Thus, finally we could isolate nine cDNA clones, which were induced by axotomy, from the upregulated cDNA-enriched library containing 3000 clones. Nucleic acid homology search revealed that seven of them are already known, while the remaining two cDNAs are novel unknown genes. The seven known cDNAs encode the following proteins: GAP43, a-tubulin, a-internexin (Fliegner et al., 1990) , SCG-10 (Okazaki et al., 1993) , ubiquitin (Finch et al., 1990) , MHC class I RTl Aa a-chain (Rada et al., 1990) , and cathepsin S (Petanceska and Devi, 1992) . The cDNA clones encoding GAP43 and ol-tubulin, which were previously reported to be upregulated in the facial nucleus after axotomy (Basi et al., 1987; Miller et al., 1989) , were actually found in the seven known cDNAs thus isolated by this screening method. This observation indicated that the screening system worked as we expected.
In a similar manner, we also screened the down-regulated cDNA-enriched library (about 2000 cDNA clones) and isolated one clone carrying a novel, axotomy-suppressed cDNA. Since this cDNA, named Neurodapl, was found to encode a polypep-tide with a characteristic sequence motif, RING-H2, as described below, it might be possible to examine the function of the Neurodapl-encoded product (Neurodapl) based on this sequence motif. In this study, we focus on characterization of Neurodapl and its product, Neurodapl.
Expression of Neurodapl in the rat brain RNA blotting analysis revealed that the brain is the most abundant in Neurodapl mRNA among the tissues examined (brain, heart, skeletal muscle, spleen, lung, liver, kidney, and testis), whereas the heart and skeletal muscle also contained very small but detectable amounts of this mRNA. Thus, we next focus on the detailed distribution of Neurodapl mRNA in the brain. On in situ hybridization the signals for mRNA of Neurodapl were observed exclusively on the perikaryal cytoplasm of nerve cells, especially on that of large-sized nerve cells such as pyramidal cells in the cerebral cortex or hippocampus, Purkinje cells and those in the brainstem (Figs. 1, 2, 3A-C) . These signals were considered to be specific, because a labeled sense probe did not give any signals under the same hybridization/washing conditions (data not shown). Weaker signals were detected on the granule cells of the hippocampal dentate gyms. No signal for Neurodapl mRNA was detected on glial cells at any regions of rat brains.
Strong hybridization signals for mRNA of Neurodapl were observed on the large nerve cells of the facial nuclei of the unoperated (right) side, while the signals were markedly decreased on the operated (left) side, and remained at about half level of those on the unoperated (right) side at 7 d after axotomy (Figs. 1, 2B ). This low level expression still continued 14 d after axotomy (Fig. 2C) . The level of hybridization signals on the nerve cells other than the operated facial nucleus was not affected by the facial nerve axotomy.
Sequence analysis Since a single 4.8 kbp band was detected in the rat whole brain mRNA using the first Neurodapl cDNA clone (2.2 kbp) as a probe by RNA blotting analysis, the first Neurodapl cDNA clone seemed to be a partial one for Neurodapl cDNA. A fulllength cDNA of Neurodapl was eventually isolated from the unoperated facial nucleus cDNA library by colony hybridization technique. The nucleic acid sequence of Neurodapl cDNA allowed us to predict the presence of an open reading frame consisting of 707 amino acid residues (Fig. 4A) . The cDNA sequence showed no significant similarity with sequences except for human EST00844 and mouse Tsg163X in the databases available (Hoog, 1991; Adams et al., 1992) . Since neither obvious transmembrane domains nor N-terminal signal sequence was identified, this predicted protein seemed to be a cytoplasmic protein.
Protein sequence motif search indicated that the region near the carboxy terminus of Neurodapl carries a defined sequence motif, the RING-H2-finger motif (Freemont, 1993) , which is found in the Drosophila protein called goliath (Bouchard and CM, 1993) and some RING-finger proteins. The RING-HZfinger motif is Cys,-X-X(hydrophobic)-Cys,-X(12-35)-Cys,-XHis,-X-X(hydrophobic)-His,-X(hydrophobic)-X-Cys~-X(8-39)-Cys,-X-X-Cys, where X refers to an arbitrary amino acid residue (Freemont, 1993) . A portion of the carboxy-terminal region of Neurodapl was compared with the RING-H2-finger motif in goliath (Bouchard and CM, 1993) , 43-kDa postsynaptic membrane protein (43K) (Scotland et al., 1993) , PET3Nps18 (Preston et al., 1991; Robinson et al., 1991) , PETSNpsl l/End1 (Dulic and Riezman, 1989) , CELG (Freemont, 1993) , and FAR1 (Chang and Herskowitz, 1990) (Fig. 4B) . This comparison suggested that the carboxy-terminal part of Neurodap 1 has the same structure as defined by the RING-H2-finger motif.
Neurodapl protein and its distribution in the rat brain In vitro transcription-translation coupling assay was performed using the full-length cDNA of Neurodapl as a template. Although the product gave multiple bands on SDS-polyacrylamide gel, the largest polypeptide was supposed to be the expected product of this cDNA, while the small polypeptides (about 46-60 kDa) were assumed to be spurious products. The molecular mass of in vitro synthesized Neurodapl was estimated to be about 140 kDa by SDS-polyacrylamide electrophoresis (Fig.  5B ). This value was larger than the expected one deduced from the primary structure (about 80 kDa), whereas no posttranslational modification would occur in this in vitro system. The possibility of error in the identification of the open-reading frame was excluded by the following observation based on the fact that unique EcoRI and Hind111 sites are located after and before the identified termination codon, respectively: the removal of 3'-noncoding region by EcoRI digestion did not change the apparent molecular mass of the in vitro product, while the loss of the identified termination codon by Hind111 digestion resulted in generation of a truncated product with greatly reduced efficiency (Fig. 5A,B) . Thus, the discrepancy between the expected and observed molecular masses might be explained by anomaly of protein migration rates on SDS-polyacrylamide gel (Ohara and Teraoka, 1987) .
A cDNA fragment encoding amino acid sequence of about one third of the carboxy-terminal portion of Neurodapl (amino acid residues 456-707 in Fig. 4A ) was fused to GST gene, and the GST-Neurodapl fused protein was expressed in E. coli using a fusion protein production system. The GST-Neurodapl fusion protein purified on a glutathione resin appeared as a single band on SDS-polyacrylamide gel electrophoresis (Fig. 5C ). Using this purified GST-Neurodapl fusion protein, antiserum was raised in rabbits, and purified on a GST-Neurodapl fusion protein affinity column. The purified antibody against the GST-Neurodapl fusion protein, thus obtained, reacted specifically with the bacterial recombinant GST-Neurodapl protein (Fig. 5D ). The specificity of the antibody against Neurodapl was confirmed by the following lines of evidence. First, the distribution of the brain cells immunostained by this antibody was identical to that of the mRNA-positive cells observed on in situ hybridization, as described below. The signals for Neurodapl mRNA and its protein, Neurodapl, were observed on nerve cells, but not on glial cells. Second, this antibody mainly stained a single protein band of the brain extract on immunoblots (Fig. 5D) , and this band comigrated with in vitro synthesized Neurodapl (Fig. 5B) . Third, this antibody immunoprecipitated not only the bacterially expressed GST-Neurodapl fusion protein but also Neurodapl itself obtained from the rat brain extract (data not shown).
Immunohistochemistry using the purified antibody against Neurodapl revealed that the distribution of Neurodapl-positive cells was essentially the same as that of its mRNA shown by in situ hybridization (Fig. 3) . Immunohistochemistry on l-pmthick sections revealed that Neurodapl was distributed in the cytoplasm forming a characteristic punctate pattern (Fig. 6) . The immunoreactivity for Neurodapl decreased significantly after axotomy (Fig. 6B) . Subcellular localization of Neurodapl protein membrane, whereas no immunoreaction product was observed In order to investigate subcellular localization of Neurodapl, around the nuclear membrane. In particular, it should be emimmunoelectron microscopic analysis was conducted using the phasized that immunoreactivity of Neurodapl was often obsame antibody. As shown in Figure 7A , Neurodapl was found served in the postsynaptic density (PSD) region of axosomatic to be concentrated around endoplasmic reticulum (ER) and Golsynapses (Fig. 7A,B) : 35% of the PSDs of axosomatic synapses gi apparatus. Reaction product was detected on the cytoplasmic was decorated with Neurodapl in the nerve cells of the facial surface of ER, Golgi apparatus, some tiny vesicles and cell nucleus, whereas most of the PSDs of axosomatic synapses in the cerebral cortex were associated with Neurodapl. This observation indicates that the association of Neurodapl to PSD significantly depends on types of PSD.
After axotomy, no remarkable changes in the subcellular distribution pattern of Neurodapl were found by the electron microscopic immunohistochemistry. Although Neurodapl -immunoreactivity was generally decreased following axotomy, the immunoreactivity appeared to be slightly augmented around Golgi apparatus (Fig. 70) . Discussion Axonal injury elicits highly complex reactions involving nerve cells and glial cells. In this study, we identified some genes that responded to axonal injury. The cloning strategy we took, a subtractive/differential screening, worked well, since some previously identified axotomy-associated genes were obtained by this screening method without any a priori knowledge of them. The genes thus selected constitute a catalog of axotomy-associated genes, although the number of clones searched in this study might not be enough for making this catalog complete. Since we could demonstrate the feasibility to isolate axotomyassociated genes by this cloning/screening strategy, the next question is obviously how to clarify the functions of these axotomy-associated genes.
A possible answer to this question comes from protein sequence motifs found in the axotomy-associated proteins. Since there are more than 920 sequence motifs in PROSITE motif database, it might be possible to predict the function of a newly identified gene product from the protein sequence motif. As an example of studies in this line, we here focused on Neurodapl, since it contains a characteristic sequence motif known as the RING-H2-finger motif (Freemont, 1993) . The RING-finger motif is a cysteine-rich amino acid sequence motif found in the sequence of the human ring1 gene (Lovering et al., 1993) . The RING-H2-finger motif is closely related to the RING-finger motif, and Cys4 in the RING-finger motif is replaced by His (Freemont, 1993) . Although many RING-finger proteins are reported to have DNA-binding activity as in the case of zinc-finger proteins, most of RING-H2-finger proteins and a few of RINGfinger proteins were thought not to bind DNA (Freemont, 1993) . In particular, a subfamily of RING-or RING-H2-finger motif proteins, which carries this sequence motif at their respective carboxy-terminal portion, is known to be associated with vacuoles or membrane: the yeast proteins PET3/Vpsl8p and PETS/ Vpsl l/END1 have been implicated in vacuolar biogenesis (Dulic and Riezman, 1989; Preston et al., 1991; Robinson et al., 1991) , and 43K has been implicated in the clustering and aggregation of ACh receptors and is found to be associated with the plasma membrane (Scotland et al., 1993) . From these observations, it has been suggested that the RING-H2 finger could form a protein-protein or a protein-lipid interacting domain. Since Neurodapl can be structurally categorized into this RING-H2 finger protein subfamily, we expected that Neurodapl was localized on membranes. In fact, the immunoelectron microscopic observation showed that Neurodapl was associated with the cytosolic face of the membranes of ER and Golgi apparatus and, interestingly, with the postsynaptic region on the cytoplasmic membrane. Thus, the sequence motif successfully led us to discover of an interesting property of this protein, that is, the characteristic localization of Neurodapl in the perikaryal cytoplasm.
The analysis of the subcellular localization of Neurodapl gave us some insight into its function: Neurodapl is most likely to be linked to the secretory or protein sorting machinery. More importantly, Neurodapl may play an crucial role at the postsynaptic regions of some types of axosomatic synapses, since this protein is specifically present in the postsynaptic region of axosomatic synapses of large-sized nerve cells and since its gene expression is downregulated in the condition such as axotomy of the facial nerve, where the number of axosomatic synapse decreases. In other words, Neurodapl is mainly expressed in nerve cells whose cell bodies and axosomatic synapses are well developed. This might suggest that Neurodapl plays a specific biological role at the postsynaptic region rather than a general one in the protein sorting machinery. While the function of Neurodapl seems to be related to that of PSD, Neurodapl was not always associated with PSD as in the case of the facial motoneurons. Thus, Neurodapl is dispensable for constructing PSD in some nerve cells. If one could specify the PSD types which always associate Neurodapl, it might give us a hint to describe the function of Neurodapl in more details. Since PSD has drawn much attention from a viewpoint of its relationship to synaptic communication and plasticity (Siekevitz, 1985; Walsh and Kurut, 1992) , it would be interesting to examine whether the expression of Neurodapl is modulated by synaptic interactions following learning, developmental stages, and neurodegenerative conditions such as ischemia, kindling, and Alzheimer's disease.
